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FOREWORD

A number of studies must be completed prior to the writing of an
environmental impact statement for a highway project; One of
these is a water guality study. This manual is the third in a
series of five manuals compiled to assist the Districts in
accomplishing this task with respect to water quality. It is
intended to promote a uniform method for analyzing and reporting
highway impact on water quality.

The titles of the five manuale in this series are as follows:

1. Environmental Analysis of Water Quality
for Highway Projects

2. Glossary

3. A Method for Analyzing and Reporting Highway
Inmpact on Water Quality

4. Highway Slope Erosion Transect Surveys
5. Chemical, Biological and Aquatic Ecosystems

Analysis of Water from Highway Sources for
Environmental Impact Studies.
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INTRODUCTION

The modern transportation engineer, in addition to his historic
responsibility for planning, designing, building, and operating
a transportation system, has kecome increasingly concerned with
the amenities surrounding such a system, Foremost among these
amenities are safety, aeSthetics)'and environmental protection.
This manual, and those in the series associated with it, are di-
rected at one aspect of environmental protection, namely that of
water quality. |

Changes in water quality caused by transportation gystems occur
mainly in the form of sedlment from the land disturbing activities
associated with construction of the system. Chemical and biological
pollution also occur, althqugh_to a lesser extent. Hydrologic
changes inevitably occur. Effects on the downstream user depend
upon the use made of the water and vary from the loss of aesthetzc
appeal to damage to elements of the aquatic ecosystem.

The eﬁginéer, in responding to the need for environmental protec-
tion, is motivated by several forces. The first to make an appear-
ance was in the form of a change in public priorities. In certain
areas, freeways were no londger welcome neighbors and pressure for
environmental protection began to be exerted through neighborhood
groups and environmental coalitions appearing at publié‘hearings.
The concexrns of these groups were eventually expressed in public
law, both Federal and State.

As the movement for envivonmental protection gained momentum, a
driving force from within the profession began to make itgelf Ffelt.
This change began with those engineers who welcomed added public
responsibility and regarded environmental protection as a logical
expangion of a dynamic profession, Typically, those organizations
who were acknowledged leaders in their respective fields were among
the first to respond in this fashion.
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7 The development of the series of manuals on water guality impact,

of which this one is a part, reflects the professional concern

of engrneers in the Calrfornla D1v1s10n of Highways for protection
of the aquatrc envlronment. This partlcular manual briefly dis-
cusses the 1egal requrrements for environmental studies and water -
quallty phenomena with relation to planning, designing, construc-
ting, and operatrng a transportatlon system, The manual then
attempts to tie together the subject matter contained in the other
manuals in the series, This subject matter is discussed in ternms
of, hopefully, a coherent method for analyzlng and reporting highway
impact on water quality.

The professzonal approach to env;ronmental protection on the part
of the transportatlon engineer requires study and analysis in sev-

;eral dlfferent areas of whlch water quallty is only one. Water

quallty lS, howeVer, tied very closely to some of the other study
areas, partacularly those of natural environmental hazards and
natural envrronmental resources.

Envrronmental lnput to the transportation plapning process iz ide-

mallstrcally ‘visualized in Flgure 1. To assure that env;ronmental

lnput 1s fully consrdered and that the publlc is fully involved

ln the process and aware of the tradeoffs involved, the planning
process, as we vrsuallze lt, must contaln iterative and feedback
mechanlsms.' Of partlcular lmportance is the feedback loop shown

at the top of the diagram in Figure 1. This 100p indicates that
certaln revisions in land use and zoning may be necessary to
restrict or direct population growth and regional development com-
mensurate with acceptable transportatlon solutions. . This particular
loop changes the plannlng process from one of reaction to one of
act;on.

The enVLronmental study block, surrounded with a dashed line in
the center of Flgure 1, 1s morea fully developed in Figure 2., 1In
Flgure 2 the blocks forming a column on the left hand side spell

out nine study areas reguired to complete a suitable environmental
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analysis. The center area of that figure denotes a two-stage
analysis which provides broad scale environmental input at the
systems planning stage as well as defining environmental input

in some detail at the location and design stage. The important :
products of the second level analysis are shown in the column on
the right-hand side of the figure. |

It must be stressed that,; in a professional approach to the
inclusion of environmental considerations in transportation
planning, the envitonmental impact statement is only ons of

the products of the environmental analysis. Other products of
equal or greater importance include the recommendation of
mitigation measures to be undertaken during design, the issuance
of congtruction guidelines and recommendations for control of

the contractor's operations, and the establishment of opérational
guidelines and safeguards for incorporation into the maintenance
program. | |

A continuing program of monitoring and evaluation is necessary

to provide data by which the pfedictive analyses may be validated

or adjusted and through which the adequacy of mitigation measures

may be judged. Inherent in this approach is the establishment of

baseiine data which reflect the existing state of the system under
study.
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LEGAL REQUIREMENTS FOR ENVIRONMENTAL STUDIES

It is important to understand the legal backgrouhd for environmental

‘studies since public law, in many cases, dictates the manner in

which certain aspects of the study must be performed and, in general,
dictates the questibns which must be answered., Figure 3 shows

the relationship_bétween various State and Federal environmental
laws‘and-agéncies concerned with watei guality.

One of the major laws affecting the work of trangportation agencies
- with regard to water pollution ie the National Environmental Policy

Act of 1969f(NEPA).- This Policy Act proclaims a Federal policy
to "encourage productive and enjoyable harmony between Man and
his environment", 'This_Act also formed the Council on Environmental

" Quality, to carry‘outﬂthis policy.' Implementation of this Act

by the Federal HighwayiAdministration'0ccurred_in the form of
Policy and Prqcedure‘Mémorandum (PPM)‘QO—l. The purpose of this
PPM is to provide guidelines to highway departments "to assure

that the human environment is carefully considered and that national

‘environmental goals are met when developing federally-£financed
‘highway improvements". This PPM reiterates that portion of the
law requiring an environmental impact statement for each federally-
~financéd:prbject. ‘

The Federal Aid Highway Act of 1970 provides for the establishment

of ‘general guidelines to assure that possible adverse economic,
social, and environmental effects relating to any proposed project
on any federal aid system have been fully considered in developing
the project. Implementatioh of this Federal Highway Act has
resulted in the issuance of various Policy and Procedure Memoranda
(PPM) and various Instructional Memoranda (IM). Among other
thifgs, soil erosion guidelines called for by the act are provided
ih_theSe memoranda.

Another important Federal law is the Federal Water Pollution
Control Act of 1956 asg modified through a series of amendments.
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(particularly those of 1972-PL 92~500). The Act prescribes the
development and enforcement of water quality standards, Indiyidual
states are required to establish levels of water quality according
to the policies specified in the Act and to submit their plans

to the EPA for approval, Once approved, the plans for water quality‘
goals and objectives are implemented by the states. ' | '

on the State level, the California Environmental Quality Act of
1970 (CEQA), as amended, promotes the maintenance and enhancement
of the quality of life., It requires that all State agencies,
boards, and commissions shall provide for any project they propose
to carry out which could have a significant effect on the
environment of the State, a detailed environmental impact report.
The State Act, in addition to reiterating the guestions to be
answered in an environmental impact statement for the National

Act, requires a discussion of possible mitigation measures and

an analysis of the growth inducing aspects of the project.

The State's Porter-Cologne Act, passed in 1969, established
the State Water Resources Control Board and Regional Water
Quality Control Boards. These latter regional boards are
empowered to institute and enforee water quality objectives
for drainage basins. The Water Resources Control Board is
responsible for'administration of the water guality plans and
for the issuance and enforcement of permits for discharges.

Regional commissions and other regulatory agéncies also provide
guidelines and rules governing the discharge of wastes including
those from construction activities., The State Department of Health
is responsgible for the safety of the general public regarding
drinking water and public use waters. Enforcement of drinking
water standards is accomplished through a rigid sampling and
testing program of drinking water treatment plants and sewage
disposal facilities.
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The Regiohol Coosﬁol Conmissions, Bay Congervation and Development
Commigsion, Tahoe Rggional Planning Agency, etc., are still further
examples of rogionalized.government that may establish and enforce
water quality regulations for such activities as road building.

The State Department of Fish and Game is particularly cognizant of
the relationships between highway activities and wildlife. The
Fish and Game Code specifies criteria necessary to protect and
enchénce fishery and other game resources.

The environmental impact statements required by the National
Environmental Policy Act of 1969 and the State Environmental
Quality Act of 1970 are disclogure documents. The statements

~ should quantltatlvely examine the full range of impacts of the

proposed action. A llstlng of the full range of impacts involved
in a typlcal tranSportatlon project will ensure that critical
lmpaots are not overlooked and will enable the early accurate
identification of major environmentally gignificant actions. The
impact statement shoulo provide a basis for evaluation of the
benefits of'the_prOposed project in the light of its environmental
risks. It should also enable comparison of the net balance for
the proposed project with the environmental risk presented by
alternatzve courses of action. It is essential that the statement
quant;tatzvaly examine all pogitive and negative environmental
1mpllcatlons of the project. The environmental impact statement
should thus alert the decision maker as well as the public to the
nature of the interests that are being served at the expense of
envirenmental values.

Mr. William Riley, of the staff of the Council on Environmental
Quality, feels that the environmental statement has three essential
functions[l]. First, it results in the Executive, Legislative, and
Judlclal Branches of the Government scrutinizing the attention
g;Ven to environmental aspects of federal agency decision making.
Second, the statement helps an agency to define available options

in terms of specific environmental impact in addition to technical
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and economic considerations. The third function is that of policy
guidance.

Reasbnable'alterhatives-to the project must be considered in the
environmental impact statement, One of these alternatives, of
course, is that ofrtaking no action at all, At the system plan-
ning stage, alternatlves to be considered would include those of
a s;gnlflcantly dlfferent nature which would prov1de similar
benefits with different environmental impacts., For transportation
projects, this might mean'highways versus mass transport systems
or differences between several proposed transportation corridor
locations. At the location and design stage, the alternatives
would be related to different designs or locations or details of
the proposed action which might present different environmental
impacts. In each case, the analysis of alternatives should be
sufficiently detailed and rigorous to permit independent and
comparative evaluation of the benefits, costs, and environmental
risks of the proposed action and each alternative. Since water
quality is one of the major study dreas for assessging the

‘environmental impact of transportation systems, the comprehensive

water quality study should provide sufficient input to the writer
of the environmental impact statement to enable him to answer
the gquestions listed below concerning the impact of the project

" on the aguatic environment. This should provide an indication

not only of the magnitude of the water quality impact but also
some idea as to the importance of this impact [2].

1) What is the anticipated impact on water quality if the
proposed transportation facility were built? If not built?

Both positiVe and negative impacts should be identified.
Both primary and sécondary significant consequences for the
environment should be included in this analysis. The
relationship of the project to downstream receiving waters
should be discussed quantitatively.

1o
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2) What adverse effects on water quality could not bo avoided
. if the proposed trangportation facility were built? If
not built? '

This guestion requires guantification so that damage to
. ' life systems, threats to health, or other consequences
| adverse to the envmronmental goals of the Natlonal
Environmental Policy Act of 1969 can be fully assessed.

3) How would the relationship between local short-term uses
of the water resource and the maintenance and enhancenent of
long-term productivity be affected if the transportation
facility were built? If not built?

This requires an assessment of the cumulative and long-
term impact of the proposed action on the aguatic
‘envxronment with the view that each generation is a
trustee of the environment for succeeding generatlons.
The idea behind this question is the real substance of
NEPA in that it intimates an extension of man's ethlcs,
or social conscience, from people to natural resources.
The question presupposes, on the part of the professional
engineer, the develepment of a land ethic [3, 4].

4) What irreversible and irretrievable commitments of the
- water resource would be involved if the transportation
facility were built? If not built?

The answer to this questidn involves identification of the
extent to which the proposed improvement would permanently
curtall the range of beneficial uses of the agquatic
environment. In this sense, possible future uses of the
water resource must be examined.

- 5) What mitigation measures could be implemented to mininmize
1.' the impact if the transportation facility were built?

1l
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' The answer to this question requires the description of

mitigation measures which are normally undertaken to
offget adverse impact. Most of these measures would
normally be encompassed in design of the project and
would be implemente&'during.constructien and maintenance.

Is the pro;ect consistent Wlth the attainment of the water

ﬂquallty standards proposed- for the basin?

T6 what extent would communlty growth be enhanced if the
proposed transportatmon facility were built? If not
bu;lt’ How would this affect local water guality?

This question, directed at the growth inducing aspects of
tﬁeﬁprojeet, must be considered in the light of the
community master plan and expressed desires for community
development by community leaders. The historical tendency
of'demmunity leaders to either abide by or overxrride the
area master plan, as well as the temper of the community
w1th reSpect to growth, must be subjectively analyzed.

_Local plannlng agencies must be consulted and should be
‘able to provmde the best estimates obtainable. The answer

to the questlon‘must be made in terms of the effect, if any,
of enhanced growth on water guality. This effect will not
be related, physmcally, to the construction or use of the
Transportatlon Facility. It will be related, however, to
the increased demand on other uses of water caused by

pOSSlble communlty growth resulting from building the
'Transportatlon FaClllty.

12
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REFLECTIONS ON THE HYDROLOGIC CYCLE

Before looking closely at the subject of transportation projects
and their impact on water guality, it is necessary to look at the
precipitation phase of the hydrologic ecycle to better understand
the physical effects of our activities upon hydrologic processes.

Fate of Precipitation

Each raindrop or snowflake has a finite number of possible fates
when it hits the earth. I£ may accumulate on the surface of the
earth, it may run off of the surface, it may infiltrate into the
ground, or it may evaporate or be transpired by a plant [5].

Surface accumulation occurs in ponds, lakes, marshes, and wetlands.
The environmental attributes of ponds and lakes are fairly obvious

to most people and are usually seen to consist of aesthetic features,
homes for wildlife and fish, and opportunities for recreation.

The environmental attributes of marshes and wetlands, on the other
hand, are not so easy to perceive. This type of surface water
accumulation is wvery important from a water quality standpoint,
however, in that marshes and wetlands absorb nutrients, serve as
areas of still water where sediment can drop out, oxygenate water,
and assist waste decomposition. In addition, these areas act as
"seed" sources for aguatic biota and serve to replenish these biota
in connecting watercourses following natural or man-made catastrophes
[6]. Wildlife is also conserved in these areas due to the relative
inaccessibility of the area. The Suisun Marsh in the northeast

part of San Francisco Bay plays a major habitat role for waterfowl
of the Pacific Flyway.

Surface runoff starts in the form of overland flow and eventually
becomes channel flow, Channel flow in the smaller watercourses
such as streams can be either ephemersz) or perennial in nature.

Channel flow is almost always perenniél in the larger watercourses

such as rivers. During periods of large stream discharges, f£lood-

plains frequently become inundated. The floodplains are a
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necessary part of the channel regime and should be carefully
considered during the design and construction of transportation
facilities that encroach upon them.

Inflltratlon of prec;pltatlon maintains the groundwater resource
which is, of course, the primary source ‘of drinking water.
Inflltratlng watex may wind up in an aguifer which may conduct
it from one place to another or it may end up as part of the

~ general water table.

Evaporatlon occurs wherever water is at the earth's surface., It
occurs to a greater, or lesser degree depending upon climatic con-—
ditions. Transpiration occurs as a rasult of the use of water

_by vegetation in their life processes. It is highly dependent
‘pupon the type and areal extent of the vegetative cover.

=;I’r'rf:é}f':f'e:n:‘ing Activities

fThe process of building and operating a transportation facility

lnterferes with the processes listed above in various ways. Re-
moval of vegetation for construction of the facility affects the
process of transpiration and also influences the nature of overiand
flow. he building of embankments may compress aguifers and thereby
elther reduce the flow through the agquifer ox perhaps stop the

_flow altogether, in which case a buildup of water pressure behind
the embankment may occux. Embankments may prevent or channelize

over-bank flood flow. Where embankments are constructed into a

‘river, ragservoir, oxr lake they create a loss of storage which is

'a function of the volume of the £ill placed beneath the water
surface. Embankments through marshes redirect the natural flow
of water. Roadside ditches at the foot of esmbankments may cause

drainage of marshes and wetlands.,

Depending upon'thé location, cuts may intersect and drain aquifers
or perched water tables. When the process of slope stabilization

14
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includes drainage of the soil massy the Water table may be greatly
affected. Removal of materials from borrow pits as well as
construction. of embankments may affoxd opportunities fox pondrng
of watex. The ponded water nmay then increase infiltration into
the ground and in turn increase the quantlty of water flowing
into an aqulfer or raise the local water table. Channel changes
can affect velocity of flow and upset the existing channel
equilibrium. Thrs ig particularly true where a channel liner

oxr rrprap may be used which changes the £riction factor for
channel flow or where the relatronshlp between slope length and
gradrent rs altered.

__Gatherlng surface runoff from the highway and its appurtenances
‘and concentratlng that runoff into a downdrain or other hydraullc

facrllty and dlscharglng that concentrated runoff at a point on

a slope or into a stream channel may gignificantly change velocity
and discharge quantity with subseguent changes in stream regime
and erosion. It is interesting to note that few minor drainage
facilitied are designed using sediment transport considerations.
The result is frequent high maintenance costs.

The lmpermeable surface created by paving the highway and the
shoulders causes a substantlal increase in the volume and rate

of surface runoff. The use of long open conduits, such as ditches
and trenches, to conduct water from one point on the highway to
another createe a possibility for increased evaporation. Instal-
lation of prlrng and the drilling of test holes to examine
foundatlon conditions may create a possibility for interconnecting
aquifers and'water tables.

15
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WATER QUALITY PHENOMENA

Changes to aquatic systems resulting from the impact of transpor-
tation projects occur in the form of physical, chemical, and bi-
ological pollution and in alterations to the physical equilibriunm
of the system involving such parameters as temperature, flow, and
boundary conditions,

Effects of these'changes are exhibited primarily in water quality,
the aesthetic appearance of the aquatic system, and the structure
and form of the aquatic ecosystem; Most of these changes are felt
both locally and by the downstream user. The downstream effect
of changed water guality varies with the use made of the water,
whether it be household, agricultural, industrial, or recreational.
:It‘is possible, in the case of some changes in the physical equil-
ibrium, to affect upstream and downstream flow and boundary
conditions.

Phyéicai'Aspects.

In general, the greatest and mogt eagily understood impact to
agquatic systems caused by transportation projects is that of
siltation of the systems. This occurs due to the erosion from
freshly exposed and disturbed land surfaces with subsequent
transport towards the stream by overland flow and downstream
sediment transport to the point where the final imﬁact is felt.

A less.apparent impact, also falling under. the heading, Physical
Aspects, concerns the alteration of the physical equilibrium
of the system. The removal of vegetation, for instance, sets
into effect a chain of events beginning with lessened cover
and a dead root system which leads to erogion, which in turn,
. due to the increased stream turbidity, reduces light Penetration
é which inhibits the process of photosynthesis occurring in the
3 stream. This means less food for aquatic organisms and causes
a reduction in the numbers of these organisms in the aguatic

lé
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_ ecosystem. At this point the agquatic ecosystem undexgoes
. changes in its structure.

- The removal of vegetation can also lead to a temperature risé which
may completely inhibit those life forms with narrow temperature

- tolerance bands. In one notable case in Oregon, clear-cut logging
raised the maximum annual temperatﬁré in a small watershed from
57° F to 85° F[7].

in channelization projects where the length of the channel may
be shortened, the gradient is also altered. This causes the
stream to seek a new egquilibrium and upstream scour occurs until
equilibrium is re-established. The erogion products, of course,
are deposited in the downstream reaches.

In streams used by migrating fish, culverts designed without this
use in mind can form effective barriers to migration. '

Channel deepening can cause changes in the equilibrium conditions
of shallow aquifers and also the resident aquatic ecosystems. The
deepening can cause the drainage of wetlands and, if soils of
different permeability are encountered by the deepening, can make
intermittent streams out of previouSly perennial streams.

The provision of channels through wetlands in the form of road-
side ditches can decrease the retention time of the waters in the
wetlands. This in turn can cause a decrease in the cleansing
action which occurs during the residence time of the water in

the marshes and thereby lead to a decreased water quality in the
water flowing out of the marsh area.

The use of stream beds for material sources may produce large
excavations in the bottom which in turn lead to upstream ercosion
and in some cases, depending upon the flow characteristics in the
stream, lead to areas of stagnant water due to inadequate mixing
. with the water flowing downstream,
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The installation of riprap alohg a stream bank usually involves

steepening the natural slope of the bank., 1In many cases, this
may remove a large portion of the littoral zone where light
penetrates and food production takes place, Depending upon the
degree of turbidity, the shallow waters are usually the areas
where most food production takeés place. Also, the friction factor
for riprap is normally different than that for the native

channel and consequently the rLVer will seek a new hydraulic

'equlllbrlum.

Most channelization projects create a %ather'homogenous aquatic

environment from the standpoint of the'aquatic ecosystem. The
homogénous environment is not conducive to divexrsity in the eco-
system. Diversity in the ecosystem is a healthy condition and
results from the variety of habitats provided by a natural aquatic
system. ' That is to say, each organism has its own preference with
regard to depth of water, velocity of flow, water temperature,
availability of light, and availability of cover. Therefore, the
moxe varied the conditions in the aquatic environment, the more
varied will be the aquatic biota.

Chémical Aspects

‘Chemical water pollution occurring from transportation projects

results from the use of deicing salts in cold areas, pesticides

for control of noxious weeds and insect pests, soil sterilants,

and fertilizers. Chemical pollution can also occur from such things
as lead galt particulates from exhaust systems, and the various
petroleum products used in and about the automobile. Accidental
chemical spills involVing tank trucks are of considerable concern
where environmentally sensitive watersheds such as drinking water
supplies are involwved,

One of the more important and least understood aspects of chenical
pollution is closely associated with erosion. This is the leaching
and transportation of soil nutrients, toxicants, and trace elements
into aquatic systems.
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Biological'Aspecté

. The possibilities for biological pollution occurring as a result
of trahsportation facilities are rather limited. The principal
activities leading to this sort of pollution occur in the disposél
of human wastes at rest stops and similar facilities, the disposal
of solid wastes found in roadside trash collection receptacles,
and the disposal of anhimal carcasses by highways maintenance crews.

19

ClihPDF - www .fastio.com


http://www.fastio.com/

EFFECTS OF ALTERED WATER QUALITY AND HYDROLOGY

It can be seen that the effects of Water’ﬁoilution and alteration
of phySlcal equlllbrlum in the aquatlc systém are reflected in
the structure of the agquatic ecosystem, aesthetic appeal of the
aquatlc system, the phys;cal boundarles of the aquatic system,
and in the cont;nued acceptablllty of certaln downstream lses

‘of the water. IR '

- Thé aquatic ecosystem suffers from physical pollution in the sense
that: increased turbidity means less light which in turn means
less food productioh as mentioned above, silt deposition may damage
certain aguatic life forms and change the character of the stream
bed making it unsuitable for fish spawning grounds and activities
of other aquatic biota, and'mey in the final receiving waters,
increase the eutrophication rate by creating shallow, delta areas
and carrying in nutriehts which tend to attach themselves to
sediment particles.

Chemical pollution may impact the ecosystem directly by poisconing
agquatic biota and indirectly by triggering or stimulating the
assimilation of nutrients by algae and phytoplankton thereby
1ncrea51ng the eutrophication rate. Blologlcal pollutlon nay
contribute pathogenic bacteria to the water and nay increase the

rate of eutrophication within the ecosystem as well,

The primary aesthetic impact resulting from physical pollution

occurs in the form of turbidity which masks the clarity and colox
which are so appealing to the human senses. Anything which increases
the eutrophicetion rate of a water system is alsoc a detriment to

the aesthetic appeal. Biological pollution may also affect the

senses through odor.

The physical boundaries of the system can be affected through the
deposition of sediment on the one hand and erosion on the other

hand. Capacities of lakes and reserveoirs can be reduced by
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sediment deposition as can the capacity of streams and rivers,
Erosion can lead to changes in hydraulic equilibrium and decrease
the amount of land surface ayailable for other purposes, Other
aspects of physical alteration of the system were mentioned above.

The nature of the downstream uses'of water determines, to a large
extent, the degree to which the impact is felt. Turbid water is
_less'appealing for recreational use than is clear water. Treatment
-of contaminated water for industrial or public consumption may

be economically unfeasible, Agricultural users, however, may be
‘able to tolerate water with a very wide range of quality. Certain
fish populations such as members of the family Cyprinidae (carp

and minnows) can tolerate a much wider range of water quality than'
can members of the family Salmonidae (salmon and trout). The length
of time over which concentrations of pollutants are sustained may
determine the effect on aguatic biota. As an example, sustained
low levels of dissolvéd oxygen or toxic substances could produce

a more sevére effect on an organism as compared with relatively
short periods at higher levels of stress.
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COMPONENT PARTS OF A WATER ‘QUALITY STUDY

The degree to which a water quality study is undertaken will yvary
primarily dependlng on whether the study is made during the system
planning stage or during the location and design stage. The ap-

' proach presented here provides sufflclent detail for a study during

the locatlon and de51gn stage. The effort proposed can be scaled

'down and made more general for studies made during the planning

perlod to provlde input for consmderatlon of all possible alter-
natlves.

The dlagram shown in Flgure 4 outlines the essential elements of

_a water qual;ty study for a public works project and shows their

relatlonshlp to one another.
Pianning the Wéter Quality Study

The ekﬁeﬁt to which the water guality data will be useful for
predicting environmental impacts from the proposed action depends
1ergely upon how well the study is planned. Proper planning will
provide a comprehensive survey that will yield sufficient data and
information to adequately examine the ramifications of the proposed
project.

Four basic steps should be covered in the preliminary planning
stage., These are: 1) Define the problem and state the objectives
of the study, 2) determine the information available for the pro-
ject area, 3) develop a tentative plan of study, and 4) determine
a list of tentative constituents to be sampled and the sampling
frequency. '

The first step necessary to plan a study ig that of problem def-
inition and establishment of the objectives of the study. When
the problem is clearly defined, the limits of the gtudy can be
set to provide the best mix of economy and thoroughness of attack.
Establishing the objectives provides the project leader with a
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framework for making high quality decisions with regard to sampling
station location, sampling frequency, and water quality parameters
' to be examined. Typical objectives may include the following:

1) Determination of the natural water quality of the stream
or lake.
2) ' Measurement of'existing effects of discharges on a stream

for a selected and limited time period.

3) Procurement of data on watex quality and stream characteristics
" that will permit projection of the data to describe probable
water quélity and effects on uses under a variety of conditions
other than £hdse that prevailed during the study.

4) Determination of corrective measures needed to protect the
stream water guality for proper uses,

The second step in planning any water gquality study invelves the
assembly of all available knowledge into a format to assist planning
the study. Once the available knowledge has been listed and ex-
amined it is then possible to develop sampling plans, locate sam-
pling sites, and decide on sampling frequencies. The steps to

be taken in planning the watex quality study once the problem is
défined and the objectives established, are listed below:

A) Using a suitable topographic map, plot:

1) Watershed boundaries intersected by the project
and the possible alternates,

2) Lakes, ponds, marshes, wetlands, streams, rivers,
and other surface aquatic features which are part of
the affected watersheds,

3) Springs, seeps, wells, and other indications of

24
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4)

5)

6)

7)

8)

10)

11)

12)

13)

14)

15)

vww . fastio.com

groundwatex,
Géological features affecting groundwater hydrology,

Locations of the existing or historical hydrologic
data stations,

Locations of existing or historical water quality
data stations, |

Locaﬁions of historical ecosystem data,
Existihg and future land use,

Exlstlng and future sources of water pollutlon and

;_thelr points of discharge,

Downstream water users (check water r;ghts l;st), and

passgive receptors such as still water areas, estuarles,
and confluences with larger streams,

Soil types with respect to erosion potential (possibly -
an overlay), contact other agencies,

Areas of surficial geologic activity such as landslides
and soil creep, etd.,

Boundaries of plant associations or communities and
assoclated microenvironmental conditions (poss;bly an
overlay), contact other agencies,

Preclpltatlon contours if data are avallable (possibly

an overlay), contact other agencies,

Existing highways and old roads,
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B)
)

‘D)

B

.E)

G)

-

I)

‘J)

K}

'16)  The prépéséd'fadilify'ana'alternates,

17) Cuts, fills, and other earthwork features along the
- proposed route and the alternates,
, _ _ ‘
18) Other transportation facility feaéures with a pollution
poténtial,‘such as rest stops and areas where spills
might cause problems .

Acquire historical data from 5, 6, and 7 above.

List the existing and potential future water uses.

Make a preliminary field survey ox reconnaisgance, including
preliminary sampling, to fully develop the necessary

information for the above items and for G and I below.

Reviéw_the'appropriate water guality control guidelines and
‘standards..

“_Select'thé water quality-charactéristics to be studied.

Locate sites for'écquiring adaitidnal hydrologic and existing
water quality data to supplement the ?cquired historical data.

Decide on the sampling frequency for each season.
‘Select existing slopes, typical of those to be constructed
for the project, for slope erosion transect surveys.

Review thetliterature to develop a knowledge concerning
vprévious studies and reports concerning water gquality

in the area. Sources for this information are educational
institutions, private consulting firms, and quasi-public
bodies such as irrigation districts, etc.

Modify the preliminary plans as indicated.
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Briefly then, planning the study consists of seyeral steps begihhing
. with a definition of the problem and a statement of objectives,
' continuing through the compilation and display of existing knowledge
in a format suitable for study, supplementéd by preliminary field
surveys, modification of plans as necesséry, and culminating in
- a final plan which not only details the water quality data neces-
o sary, but also defines sampling locations ahd gsampling frequencies.
One necessary part of the planning process which is not detailed
here is the matching of the sampling and testing program with a-
vailable manpower and resources. In many cases this may prove
to be the limiting factor and will, to a large extent, determine
the sampling plan.

FPield and Laboratory Work

The field work which should be undertaken in a water quality study
congists of four elements:s A hydrologic study, an existing water
quality study, an aquatic ecosystem survey, and an erosion transect
study. Although the studies involve separate areas of expertise,
the studies should probably proceed concurrently in the field to
insure the most efficient use of personnel.i

The primary purpose of the hydrologic study is to provide a
knowledge of hydrologic events that will enable a determination
of sediment transport in the watershed. Typical elements of a

hydrologic study include velocity, stage, precipitation, and the
travel time, or concentration time, for wvarious storm events.
The details of a hydrologic study arxe given in the first manual
in this series,

The existing water quality study seryes several purposes in that
it provides a baseline, so to speak, for existing water quality
prior to the construction of a transportation facility, provides
input to a water gquality data bank for a given watershed, isolates
the amount of pollution contributed by various sources along a

. watercourse by sampling above and below the source, provides an
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iﬂdication of the recoyery properties of the watexcourse by sampling
linearly along the watercourse below a source of poilutidn and

gives information concerning dilution and mixing characteristics

of the stream,

An existing water quality study attempts to define physical aspects
' bf water quality in the watershed in terms of sediment load, chem-
ical properties in terms of certain elements and compounds, and

the biological characteristics. The physical, chemical, and bio-
logical tests to be made on water are largely determined during

the planning phase. Bacteriological organisms are normally examined
'only when the project includes a rest stop, maintenance installation,
or other possible source of future biological contamination, except
when the downstream water use involves a public water supply.

In this cagse coliform count and other biological tests must be

made. Exceptions may'include stream courses that are currently
affected by pollutants where the study objective is to describe

- ambient water quality conditions.

Another facet of the existing water guality study should include

a close look at aquatic environmental factors. These factors
determine the suitability of the stream for the maintenance of

a viable ecosystem. Measurements to be made include water
temperature, air temperature, pH, dissolved oxygen, toxicity,
pesticides, nutrient load, total dissolved solids, alkalinity,

and turbidity. A look should be taken at the vertical distribution
of temperature and dissolved oxygen for bodies of water such as
lakes and deep holes in streams and rivers to determine the exis-
tence of stratification and identify areas of low dissolved oxygen.
In addition, notes should be taken on the physical character of
the body of water or watercourse, The notes should include such
items as depth, width, bottom description'indluding shelter within
the stream and shade or cover on the banks, The fixst manual in
this series treats the existing water quality study.

The aguatic ecosystem survey serves three main purposes. The
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?turbidity;*alkalinity, and the nature of the system's_pgysichf;j

first purpose,jof.course,;is similay to that'of the ex@gtingAwater
quality.study in providing a baseline to define the_exigting'aquat-
ic ecosystem, Establishment of thig baseline theh provides a mea-
Sure against which future changes in the ©cosystem may be compared
and evaluated. The second purpose for the survey lies in the fact
that biota, whether aquatic or terrestrial,‘serve as indicators

of environmental quality. In thig hanner, the very nature of the
aquatic ecosystem in terms of the species present, their number,
and their-diversity, serves to define water_quality,;xA_third pur—
pose for the suxvey lies . in the fact that the aguatic ecosystenm
constitutes a natural resource and, asg such, should be defined

and quantified,

An aquatic ecosystem might be characterized as having zoological,
botanical, and environmental elements, The zoological element

could be charadterized by the nmicrofauna at Or near the bottom

of the' food chain such as zooplankton and periphyton, the macrofauna
in the middle, and the amphibians, fish, -and assoc;ategimammals

and birds at or near the top of the food chain. 'The botanical
element would be comprised of the microfibra.such_aszphxtgpl§nkggp
and periphyton, aquatic plants, and the associa@ed,ripanién_vgggﬁa-
tion. ‘The environmental.element, discussed on the pxevidusipaéé;;
is defined by .such things;as,temperature, PH, diséolveqro§¥§gg,j;

I

boundaries%(depth,Mwidth, bottom,-etc.l.

The -aquatic ecosystem survey, for the bPurposes of thisﬁét@df{niéf
divided into«three;parts: Macroinvertebrates, larger‘plagﬁq: aﬁd
the amphibians, fish, 'and associated mammalg énd birdg,, A;ﬁﬁéugh
this arrangement leaveg- out the plankton and pe;;phytqn éxéepﬁAfor

VSpedial“circumstances,'it gives a sufficiently large_picturg to

ClibhPDF -

allow assessment of. the ecosystem,

Of ‘these three subdivisions,.the;greatest effort shou;dibe gxpended
on a study of the macroinvertebrates. Cairns, et al, lists several
reasons fox this. [8]:
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1) Benthic organisms are relatively'sessile oxrganilsms
and they cannot quickly avoid environmental stresses
as figh often axe able to do;

2) They have vather long and complex life histories and
thelr presence OL absence reflects the history of the
environment;

3) since they are members of the food web in an aquatic
. environment, their presence or absence directly effects
fish_populations;

4} Sampling_techniques for bottom fauna are more reliable
than technigques for f£ish; and

5) More biological information can be gained £from
studying this group of organisms per dollar invested
than any other group.

The macroinVertebrates, or pottom macrofauna (benthos) , are con-
gidered to be those that are retained on a number 30 sieve. Sam—
ples arxe taken upstream and downstream from the location of the
proposed transportation improvement at locations which are compa=
rable in terms of bottom conditions, depth, water velocity, stream
width, and bank CoOvVer. The population of macroinvertebrates is
examined in terms of diversity of species, density of individuals,
and species composition. The most critical season for sampling

is usually in'the_summer when the water temperature +ends to be
high and flow is relatively low, Samples from each season of the
year are desirable. vearly changes in stream bottom condition
caused by hydrology and siltation must be considered. For analysis
of temporal change in the ecosystem, it is esgential to compare
samples taken in the same scagon of the year, under similar siow

characteristics,,and under similax physical boundaxry conditions.

The sampling of amphibians, figh, maxmals and birds should not
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be undertaken. Instead, their divexsity and density should be
. estimated using observation and inductive techniques only,

‘The plant study can include the microflora {algaé},although this

'réqui:es highly trained people to identify the various species.

" The plant kingdom should be examined for diversity, density, species
gdmposition, and, in the case of the microflora, bioﬁass and pigment
concentration should be analyzed. The aguatic ecosystem survey
will be treated in detail in the fifth manual in this series.

An erosion transect study serves to gquantify the amount of erosion
originating on existing cut slopes and embankments in the watershed.
Study of existing slopes, which are simila; to those slopes which
will be exposed during the construction of the transportation
facility, will allow reasonable estimates of erosion quantities
to be expected from the new slopes. The slopes studied must be
similar to those to be exposed in terms of soil type, degree of
slope, and aspect of slope for valid extrapolation to the design
situation, Manual No. 4 in this series treats in detail the method
~ for highway slope erosion transect surveys.

Data Analysis
The analysis of data can be subdivided intc four separate areas:

1) Existing water guality analyzed in terms of physical,
chemical, and biological characteristics.

2) The existing aquatic'ecosyétem anhalyzed in terms of diversity,
density and species composition of organisms and aquatic

environmental factors.

3) Estimation of effect of changes in hydrology along the
- _ lines developed on Pages 16 through 18.

| ‘.' 4) Estimation of water quality impact during the ocorstruction
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period and during the operation period., The impact assess-
ment during the construction period should include the .
physical aspects with the principal causes being the erosion
of newly exposed soll and construction equipment operating

in the water. - This analysig will utilize the hydrologic
study,'sedrment transport data,'and slope erosion information.
Chemlcal impacts during the construction- perlod will consist
prlmarlly ‘of 0il and grease from equipment, and soil

‘sterilization chem;cals. The biological impact during a

qonstrdétion period should be analyzed primarily in terms of
marginal sanitary fécilities, which may be operated by the

' .gontractor. Also included in impact analysis for the
”“constructxon period should be the contréctor's use of
"sol;d waste d13posa1 smtes.

Water dquality impacts during ‘the operation period will
Gonsist of the physical -impact caused by continuing erosion
for which the hydrologic study, the sediment transport data,
slope erosion transect study, and erosion control measgures

"will provide input. The chemical impacts during the

operation period will consist primarily of spills and
mainténance usage of chemicals for snow and ice removal,
pesticide control, soil sterilization, and fertilization.
Other impact during this period should be analyzed in terms
éf rest aréa effluént,‘diSPOSal of solid waste generated

at rest areas and litter cans, disposal of animal carcasses,
and the effect of streét litter where the highway drainage
éystem may pick up drainage from populated areas. In certain
éreas where the pavement surface is not washed regularly by
rainfall and in large metropolitan areas, the effect of
éertaih contaminants which tend to buildup on street surfaces
may constitute the most important water guality impact.
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DATA PRESENTATION

One- of the most difficult aspects of any report on a study lies

in the communication of the significant findings to other people.
In the case of the water gquality report, as in other environmental
studies, the findings will prokably be incorporated into an envi-
ronmental impact statement by another person. This person may
not be familiar with the technical procedures used in the water
gquality study. The statement he writes will then be used as a
basis for decision making by still other people. Their knowledge
will probably be of still lower order with regard to the technical
aspects of water quality. Also it is very probable that the find-
ings frxom the water quality study, in addition to being used in
the environmental impact statement, will be used as a basis for
discussions in a public hearing. Recommendations from the study
will also bé used to warn transportation planners_of poésible water
guality hazards, alert the designer as to the need for mitigation
measures, provide guidelines to construction personnel for control
of the contractor's operationg, -and provide input to maintenance
personnel for guidance during operation of the facility. It is,
therefore, doubly important that the findings be communicated in
a manner which promotes understanding and enables analysis by a
reasonable layman.

It is also necessary to provide depth of technical detail to sat—
isfy responsible reviewers of the water quality study who are
desirous of ascertaining compliance with environmental law and
assessing the validity of the conclusions with regard to the
water quality impact.

It is entirely possible' to address a report to several levels of
understanding. The needs of the technically oriented person may
be satisfied by presenting detail in the body of the report
while the requirements of the reasonable layman, for a full
understanding of the findings, may be realized with the aid

of written, tabular, and graphic data summaries.
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StétiStical analysis of largé quaptities of data is desirable but
it is important to understand the”important aspects of each pol-
lutant in order to properly desc;ihe,the statistical data. For
example, in a discussion of disséiﬁé& oxygen, a range of values
over a 24-=hour period has meaning whereas a mean value does not.
Also, a one-way analysis of variance between data from an upstrean
and downstream station should be performed to determine if a
significant difference does exist between the data or not. Hydro-
logic data should always be reported in terms of mean monthly flows
or .average annual.yield or a range of flows.
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WRITTEN AND TABULAR DATA SUMMARY

The following items should be presented in tabular form with
sufficient written discussion for each item to fully explain
the data:

1) Water quélity should be shown in terms of chemical or

biological characteristice and should be compared with
the quality standards commensurate with the water use and
with those promulgated by the Regional Water Quality Control

.Board., Existing, or baseline, water quality and predicted
guality during the project life should be shown. A project
life of 20 years should be used. The effect of probable
changes in land use should be discussed for the project'and
its alternatives including the "no project" alternative.

2) Water quality data reflecting the physical aspects
should be summarized in a manner that will show tonnéges
of sediment from the various project slopes and the nature
of sediment transport for”the various seasonsg of the year.
Existing data should be shown and again predictions should
be made for the assumed 20 year life of the project.
Particular attention should be given to predictions during
and immediately after the construction.period since this
is likely to be the most critical. Again comparisons
should be made with watex quality standards.

3) Changes in hydrology due to the wvarious activities involved
in constructing and operating the project, such as rainfall
collection and concentration by the pavement and drainage
appurtenances, changes in infiltration, and agquifer cutoff,
etc., should be presented. That is, existing hydrology should
be compared with predicted fqture hydrology and, again, the
effect of changed land use that might result from building the
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4)

project or its aIférﬁativeé} inclddiﬁg the "no project"

alternative, should be discussed in termé of alteration of

existing hydrology. Where possible, the hydrologic

changes should be quantified and, in all cases, a narrative

discussion of the effect 0of the project on hydrology should

be presented. - ‘
. r ;

The results of the dquatic ecosystem study should be tabulated

'in terms of density, diversity, and species composition.
‘The tabulation should be accompanled with a subjective

‘discussion as to poss;ble future alternations in the nature

of the ecosystem which might be due to water quality changes
associated with the+project.
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VISUAL AIDS

One of the best avenues of communication between the engineer and

- the layman is that which utilizes visual aids such as charts, graphs,'

and sketches., This approach, however, is often abused and fails

to achieve its purpose due to the amount of detail on any one chart
which the eye is required to_assimilate. Simple visgual aids, with
minimal detail and the bold use of color, are the epitome”of godd'
communication. The principal use of the visual aid should be to
present trends and comparisons. If the reader wants more detail,
the tabular and written summaries}_discussed previougly, can be
slightly more sophisticated from a technical standpoint. Even
finer detail, of course, is pfbvided within the body of the report.

Graphic presentation of trends, with time as the horizontal axis,
can effectively demonstrate changes in pollutant concentrations,
erosion and sediment transport. Acceptable levels of water quality
for the various characteristics discussed can be presentéd graph-
ically by using horizontal limit lines. | |
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RESPONSE TO QUESTIONS FOR THE
ENVIRONMENTAL IMPACT STATEMENT

The structure of the wéter quality teport should take into account
the fact that one of its primary purposes is to provide input
to the writer of the environmental impact statement (EIS). In
mdst cases, the EIS writer cannot possibly be technically competent

'in all the environmental study areas. This means that the indi-

v1dual study reports, such as the water quality report, must pro-
V1de obvious, rather than hidden, answers to the questions to
which the environmental impact statement must address itgelf,

These questions were listed on Page 1l of this manual.

Answers to these qﬁéétions must be quantified insofar as possible.
Thls may be done for example by listing the changes in water qual-
ity in terms of tons per day of sediment or parts per million

Mof other pollutants. The ultimate effect of water pollution,
—however, as it applies to human health, cannot possibly be esti-

mated in a water quallty study, but is rathexr the province of
‘the epidemiologist.

Quantification of the changes in water quality, as indicated above
gives an indication of the magnitude of the impact on specific
sectors of the envirohment. This provides a rather objective
indication of the degree, or scale, of the impact. Some indication

of the importance of the impact should also be made. The impor-

tancé, or significance, refers to the conseguences of the change
on tie entire system. This is a subjective analysis and must
neceésarilyAbe treated in a general narrative statement (21.

’ ]
In the portlon of the response dealing with the questlon on mit—
igation measures, the subject of enhancement should be brought
forth. In many cases it will be possible to go beyond mere mit—~
igation measures and actually provide én enhancement of the
environment that previously did not exist. The enhancement should
be discussed in detail. '
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~ REPORT _AND FORMAT
The functions of a water quality report %ré=-

(1) To describe existing water quality as a baseline against
which future changes Way he evaluated.

(2) To provide water gquality input to ‘the environmental-impact
statement.

(3) To provide planners with the means of incorporating water
quality considerations in gsysten planningy gorridor
selection, and location of transportation facilities.

(4) To enable the design of appropriate mitigation and

enhancement mneasures.

(5) To provide guidelines for construction engineers in the
evaluation and control of the contractor's operation.

(6) To provide guidelines for maintenance activities during
 operation of the facility.

(7) To recommend the natuxe and extent of a continuing program
for control and evaluation during operation of the facility.

Report Format — Water Quality Study

The following outline is offered as suitable format in which to

repoxt a water quality gtudy. It is not-the intent of this manual

that the format foxr a study should be rigid and inflexible. There

are many cases in individual studies where the report writer will
- have to depart from the proposed format in order to provide a

more meaningful report.
39
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ihwgeneral, a report on water quality study should contain the
following subdivisjons:

1) Project Description: This should be a short narrative

Statement of not more'than a few paragraphs‘describing
the proposed improvement and the alternatives in
sufficient detail to provide the reviewer with a mental
bPicture of the work to be done. It is also necessary
in this project déscription to give the reader some

indication as to the background behind the bProject so that

A statement should be made as to time constraints and
other conditiong imposed upon the study. The objective
‘of the study should be given,

2} Conclusions: The conclusions are presented early in the
report. This allows the person who does not desire to dig

prqjedt.._ln the conclusions, the first thing to be discussed
should be the answers td the questions for the environmental
impact statement, Secondly, the findings, asg they apply to

the following headings: (a) potential problems in Planning,

(b} design mitigation and Possible enhancement, (c) construction
control, and (d) operational safeguards, should be Presented
briefly. The final portion of the conclusions should Present

In thisg manner, the conclusions, in conjunction with the
pProject description, enable the layman to understand the

impact on water quality, provide the EIg writer with some

ClibPD WL lastio.com
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he needs to answer, and prOVLde transportatlon englneers,

. in the planning, design, construct:.on, and ma:.ntenance
areas, with warning flags marking areas which need further

*

. consideration,

- 3) Backgrouhd Discussion: This section provides a background
in terms of water quality data rather than a background of
oL the project itself. This section should provide a resumé'
of all the historical data that were researched for the
study. . These data should pe presented under the following
general topics:

a) Topography. 1Include a copy of the map discussed earlier
in this manual delineating watersheds, streams, lakes,
etc,

b) Historical hydrology.

c) Historicel water guality.

d) ,Histerical ecosystem data.

e) .E#ieting.sourees of water discharges.

£f) Existing and fufure land use.,

g) Existing.end future downstream water use;
h) Research of previous studies.

i) Reselts of discession with other agencies.
3) Designated water quality standards,

4) Description of Field Studies: The field studies should be

. fully described including instrumentation used, calibration
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' 5)

6)

' of that instrumentation, dates and locations where

observations were made and a discussion of the setups at
the various points. This section should be divided into
five sub-sections:

af}' Preliminary field survey including erosion potential,
geologic activity, plant association boundaries,
study. site location, and slope selection for erosion
transect surveys.

| b}  Hydrologic study including data reduction and results.

!

) Existing‘wéter quality study including data reduction

and results (present as existing water quality) .

d) Aquatic ecosystem survey including data reduction and
results (present as existing ecosystem).

e) Erosion transect study including data reduction and
results., '

Data Bank Description: The data bank used to draw conclusions
1n the water quallty study will consist of the historical
data that were researched prior to and during the study and

the data which were developed by the survey teams during
the water quality study itself. 1In this sectmon these
data should be fully described as to source. For instance,
sources of the his;oridal data should be listed and sources
of any data collectéd during the field surveys which

come from othér peo?le than those involved in the study
itself should be listed. The data bank description will
be necessary to satisfy regulatory agency reviewers.

Water QualitgrPredictionS: This section should be divided
intq five subsections as follows:

a) Physical contamination. This is largely an objective
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7)

evaluation based on the results of the hYdroiegic
study, the slope ercsion t:ansect survey and transport
and sedimentation data. The predictive method should
be described so the reviewer can see how the writer
arrived at the results. Mitigation measures should be
taken into account. |

b) Chemical contamination, This evaluation will be largely
 subjective but it will be based upon the existing water
quality study and a knowledge of past and future
conditions. The evaluation will take into account,
however, the mitigation measures proposed for the project.

¢)  Biological contamination. Again this is basically a
subjective evaluation based on past knowledge of gimilar
installations and future conditions. Mitigation measures
will agaln be an input to thls prediction,

d) hanges in hydrology. Although not strictly a water
quallty parameter, predictions must be made based on
the analysis of the hydrologic study and a knowledge
of the design features of the project. This change
should be estimated and 1ncorporated into the analysis
'for physical contamination as previously mentioned. '

e)  Changes towthe aquatic ecosystem. This is another largely
subject1Ve evaluation based on past knowledge of similar
installations and an estimate of the future aquatic.
environmental conditions. Mitigation measures should
also be a part of this prediction.

Potential Problems: This input is essential to the planning

process since it serves to identify possible planning hazards
with respect to water quality. 1In this section the alternatives,
including the "no project" alternative, can be compared with

respect to the potential water quallty problems they might
Ccreate,
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8)

9)

10)

11)

iMrtlgatlon Measures- This section serves as an input to the

project desrgn. It describes not only the permanent measures
but also those temporary measures which can be foreseen as

_heceSSary during the construction process and should be

encompassed by the project design., This is also the area

‘where possible enhancement should be treated.

Construotlon Ccontrol: This section should fully develop and

prOV1de notice to the construction engineer of possible
construction problems. It should also outllne a series of
control tests which could be used to evaluate the contractor s
compllance w1th water qualrty agency regulations durlng the
construct;on_and w1th his own erosion control plan. This
section shouid also'provide information which will assist

the resident_eng;neer to evaluate the adequacy of the
contractor's erosion control plan.

" Operational . Safeguards- A listing and discussion of possible

problems during operation and maintenance of the project
should be spelled out in order to provide input to maintenance
englneers., This section 1ncludes such things as precautions
foxr accldental hazardous spllls based on the downstream use
of the water, preoautlons as to certain maintenance activities

,usrng pesticides and soil sterilants, etc. In the case of

hazardous spills, ‘maintenance should be called upon to develop
a contlngency plan for each sengitive drainage area listing
procedures for dlscovery and notification, containment and

counter measures, cleanup and dlsposal, and restoration.

Continuing Evaluation: This section should prescribe the

content of a long-term measurement program both to evaluate
the accuraoy of the predictive process and to evaluate

the efficacy of the mitigation measures that were
constructed.

This continuing evaluation, when used in conjunction with
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the water quality and ecosystem baselines described under
4¢ and d above, provides a closed loop for the water
quality stud&;

12) Bibliography: In this section the sources of the historical
data used in the report, sources for statements- that may

have been made, and references to the series of water quality
manuals should be listed for the benefit of the reader. This
section should not be confused with section five which is a

description of the data bank. It is not intended that these =
sections duplicate each other. '

13) Appendices: If desired, the reduced hydrologic and watexr
gquality data from the. field studies may be attached to the
report in appendix form, These appendices should be attachedn
only to those reports going to interested agencmes such as'
reglonal water quallty boards and perhaps the Department of
Public Health. The average reviewer will be 1nterested only
in the data summaries. ' ‘

The wqu‘involvedfin a water‘quality study, from the planning
of the study through the reporting phase, is shown in'Figure‘S;i
This aiagram_places the #arieus elements of the work in a time
_perspective to show the interrelationships involved.
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THE WATER QUALITY DATA BANK

The California Department of Water Resdurces currently publishes
water quality and hydrologic data annually in' various bulletlns.
Most hydrologic information is published ih conjunction with the
U. S. Geological Survey. Through the U. S. Environmental Protec-
tion Agency, a nationwide data storage and retrieval system is
being developed called STORET[9]. Tt is important for the dis-
tricts to maintain a file system for regovery of data'developed
on stream surveys for use on future Projects. Headquarters
Transportation Laboratory will assist in the development of a
systen, - ' '

OUT-QF~-HOUSE STUDIES

‘Variability in workleoad, complexity of the studies, and certain
other factors may make it desirable to use a consultant in the
performance of a water quality study. To facilitate the hiring
of such a consultant, a request for proposal (RFP) has been
developed. The Study outlined in the RFP, in a different format
than that shown in this manual, has been structured to allow the
consultant & certain latitude in using his expertise to develop
the best possible approach. The recommended form for a regquest.
for proposal is shown in Appendix A.

SYSTEMS APPROACH TO WATER QUALITY STUDIES

It would be desirable, as soon as pessible, to go to an integrated
Systems approach for the analysis of transportation impact on

the aquatic environment. If it were possible to develop an inte-
grated transportation plan for an existing urban area, a water
quality study could be made which could fully evaluate the inter-
actions as the various parts of the transportation network were
constructed and brought into the system. In the planning phase,
it would be possible to bring water quality consideration into

. the decisions for the location of transportation corridors.
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As a beginning,:wifh the devélo§ﬁéntiof data banks in the
Transportation districts,'each district should begin to construct
hazards maps. These maps would be informational aids to the
transportation planner and would indicate areas having higher
probapilities of erosion, podr water quality, water table problems,
etc.
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APPENDIX A

*REQUEST FOR PROPOSALS FOR A WATER QUALITY STUDY

*A Hypothetical Reguest for Proposals is Giyven in This Example,
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' REASON FOR STUDY AND EXACT LOCATION

REQUEST FOR PROPOSAL SRR TR L A

The Department of Transportation is required to prepare & 'report on

" the envirdnmental impact of each proposed transportation”prdject

One part of thls report deals with the present and future effects
on water quallty.

The present need is for a water quality study which covers the
proposed rerouting of Highway 50 between Twin Bridges and South
Lake Tahoce. It is proposed .that this project be analyzed by a '
private consultant for impact on water quality within the-gedgraph—
ical region shown on the attached location and freeway striP map.

STUDY OBJECTIVES

In general, the study shall prOV1de answers, quantlfled where
possible, to the following questlons-

1. What is the anticipated impact on water quality if the-
proposed transportation project were built? If not built?

2. What adverse effects on water quality could not be avoided if
the proposed transportation project were built? If not built?

3. How would the relationship between local short-term uses of
the water resource and the maintenance and enharicement of
long-term productivity be affected if the transportatlon
project were built? If not built?

4, What irrerversible and irretrievable commitments of the water
resource would be involved if the transportation project were
built? If not built?
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”’What mltlgatlon measures could be implemented to minimize the
.impact if the freeway were built?

6. Is the project consistent with the attainment of the water
' quality standards proposed for the drainage basins which
,fWill be'affeqted?

7. What w1ll be the effect of induced growth and development,
related to the service llfe of the project, upon water quality
within the area?

Answers to these questions shall consider demographic projections
and land use patterns provided by local planning groups and agen-
cies. -For the "not built" case, close attention shall be paid

to anticipated development and growth which might occur as a
result of expansion of the exlstlng surface street network.

Speclflcally, the study shall provide quantlfled solutions in the
follow1ng areas:

1. 'rDeflne ex1st1ng water qual;ty in terms of the physical,
chemlcal and blologlcal quality parameters which may be
appllcable to the project.

*2;,  Def1ne the ex1st1ng aquatic ecosystem in terms of its
zoologlcal botanlcal, and physical environmental elements.

3. Predict changes, fox the various project alternatives

' including the non-project alternatives, over a 20-year
period beginning with the estimated tlme of completion
of the facility for the following areas:

d. water quality(physical, chemical, and bioclogical)

b. aquetie ecosystem(species composition, diversity, and
density)
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c. physical equilibwium(hydrology and boundary conditions)

The study shall also enable the_ihcorporation of water quality
considerations in the various functional areas of the transportaticon
agency through the following aagtions:

1. Prov1de planners w1th sufficient information to allow con-
sideration of water quallty in system planning, corridor
selection, and the location of transportation facilities
within the project area.

2. Provide information to transportation facility designers to
enable the inclusion of appropriate mitigation and enhance—
ment measures in the design process. '

3. Provide guidelines to construction engineers for the evalu-
‘ation and control of the contractors operation.

4, Provide guidelines for maintenance activities during
 operation of the facility.

5. Rééqmmehd the nature and extent of a'continuing program for

monitoring and evaluation. '

'Ih the development of the work plan to satisfy the study objectives,

paréicular attention shall be paid to the local, state, and federal
water quality standards which apply in the project area.

SCOPE OF THE WORK

The study shall encompass a sufflclent span of time and shall
include a suff101ent nunber of data pomnts to insure statlstlcally
valid hyarologlc and existing water quality data. Particular
attention shall be paid to certain hyd;dlogic regimes, especially
those of low flow and high water temperature, and system boundary
features which might tend to maximize bollﬁ£ant concentrations
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‘or théir éffects. Fluctuations in water quality due to population
pPressure variations, such as weekend use of recreational areas,
shall also be a matter of consideration.

Predictions of changes in water quality due to physgical con-
tamination with the products of erosion shall be based upon a
collection of data broad enough to préclude bias which might
occur from a short-term data collection. Particular attention
shall be paid to that eroSion expected during and shortly after
the construction period and to the appropriate mitigation
measures for that period. Guidelines for the evaluation of a
contractor's erosion control plan shall be provided,

A program for £he continued monitoring of the project so as to
analyze the adequacy of the predictions and the performance of
the m%tigation measures shall be prescribed.

Fieldfand labeoratory studies of hydrology, sediment transport,

“and existing physical water pollution shall employ the equipment,
methods, and techniques of the United States Geological Survey,

as outlined in their manual series titled "Techniques of Water
Resources Ihvestigations of'the United States Geclogical Survey".

In particular the manuals entitled "Fluv1al Sediment Concepts",
"Field Methods for Measurement of Fluvmal Sediment", and "Laboratory
Theory and Methods for Sedlment Analysms" shall he used.

Field and labdfatdry studies of the existing chemical and bio-
logical aspects of water quality shall utilize the methods, tech-—
niques, and tests outlined in the latest edition of "Standard
Methods for the Examination of Water and Waste Water", prepared
and published by the American Public Health Association, American
Waterﬁorks Association, and the Water Pollution Control Federation.
H
The paragraphs abova do not preclude the use of other techniques,
methods,'and equipnent to provide supplemental or alternate data.
Alternates for the prescribed methods, however, must be fully
quallfled in the proposal.
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The study of the aquatlc ecosystem shall reflect the functlons of
the ecosystem both as a resource and also as a blologxcal indi-
cation of water_quallty.‘ The aquatlc ecosystem shall be congidered
to consist of plankton, perlphyton, macr01nvertebrates, flsh,

and associated amphlblans, mammals, and birds, Speclal attentlon
shall be given to those organlsms which serwve as blologlcal ln-

_dlcators. In most sltuatlons, the macrOanertebrates:should

receive the greater part of the study effort, Results of'the
study shall be 1nterpreted in terms of the effects on the eco-
system.

All equipment shall be calibrated during the study at intervals
which.are sufficient to maintain desirable accuracy. Calibration
records shall be maintained. The methods of calibration chosen
shall bracket the'ranges used in the study. Laboratory test

_methods and technlques shall be. checked and verified through

a correlation of a testing program with a well recognlzed and
certlfxed-laboratory. A tentative work plan for the study, in-
cludxng the locatlons, type, and duratlon of cbsarvatlons should
be furnlshed by the contractor in the proposal. It is expected
that thls w;ll require an ons;te study of the area prior to fur-
nlshlng a proposal The tentathe work plan will be evaluated

by the Department of Transportatlon staff and at least ohe water
quallty consultant. |

Exlstlng water quallty data shall be collected at a sufficient
number of sxtes to characterlze pollutant levels in the Watershed
under study. Partlcular attentlon shall be pald to the existing
dlscharges and to those watersheds with more sensitive downstream
water uses. Use shall be made of existing data sources. Test
locations chosen primarily on the basis of convenience will not
be acceptable.

Demographic projections and changes in land use patterns shall be
estimated based on existing available projections by local agencies,

For comparison of transportation facility impact, the prediction
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Of future pollutant 1evels w;th and wlthout the project shall
encompass a perlod beglnning just prlor to completlon of the project
and endlng at a tlme 20 years subSequent to 1ts ‘completion,

Where the prediction of pollutant levels or stream hydrology is
" accomplished using mathematical modeling techniques, a consultant
shall provide model validation. Where models are used, the
sensitivity analysis of the model in terms of the data requirement
is required in the proposal. This analysis should examine the
relative influence of the input parameters in estimations of
pollutant coﬁcentration.

The consultant shall deliver to the Department of Transportation
‘all raw data and a copy of all mathematical model (s) employed
along with the rationale used in development. If the model (s)

are computerized, a punched card source deck and user instructions
- shall also be supplied, '

A cohsﬁltant shall prepare a report for the Department which
preéénté comprehensive summaries of pertinent data and draws
conclusions as to the impact of the proposed transportation fa-
cility:updn*water quality. The report shall also discuss the
'relationShip of the project to the attainment of the regional
water quality standards. The report shall contain graphs showing
changes in water quality for the wvarious altérnatiVes, including
the hOn#project alternative, over the time period specified.

Any such graphs shall present a simple, clear, straightforward
approach to data display and shall be suitable for use at a public
presentation where local citizens may use them as a basis for
discussion and decision making. Basis for the graphs shall be
clearly outlined in the text. The report format shall conform

to the following style:

I. Title Page

2. Abstract
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9.

10.

'Table of Contents

List of PFigures

_ Notation (if necessary)

Introduction

Conclusions

(In a foxm suitable for including in the project environmental
impact statement. Should be easily understood by those'not
familiar with the technical aspects of water pollutlon and
hydrology.)

Discussion .
(Objective of study, study plan, sampling and testing
procedure, description of work, data analysis, equlpment

,and callbratlon, ato.) !
VBibliography

VAppendix

A consultant may also be requlred to present hls findings at one

or more publlc hearlngs.

TIME SCHEDULE

Final‘Ptoposal Submittal Date December 1, 1973
(Four Copies Required) '

Anticipated Contract Approval Date Within 60 days after

submittal deadline.

Commencement of Work Within 15 days after notice

of contract approval.
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' TIME SCHEDULE (Continued)

Submission of Progress Report June 1, 1974

.

ComQ}etion Date Twélve (12) months after
B ' contract approval.

BUDGETARY LIMITATIONS

P : o :
Contract amount not to exceed $50,000.

PROPOSAL FORMAT

The prosPective consultant shall include in hig proposal the
following items: -

1. Desoription of his'qualifications} list of similar types of
| consultlng contracts successfully completed with a sample
of such work; brief descriptive resumes of the principal
1nvest1gators and support personnel to be employed on the
'prOJect, amount of time and manpower to be expended; de=-
_scrlptlon of equipment and facilities to be utilized; and,
if subcontracﬁors are contemplatea, a description of these
'persons or firms and the portions and monetary percentages
of the work to be done by them.
2. An»ovgrall_desoription of the techniques by which solution
of the problem will be approached and a tentative work plan,

4
_ , / , :
3. Total cost of the study, a detailed breakdown of its
computation showing actual rates and mark-ups, and the

preferred method of payment.

- . Trans. Lab. Sacto 2-74 500

()


http://www.fastio.com/

	E:\images\000012\00001286.tif
	image 1 of 76
	image 2 of 76
	image 3 of 76
	image 4 of 76
	image 5 of 76
	image 6 of 76
	image 7 of 76
	image 8 of 76
	image 9 of 76
	image 10 of 76
	image 11 of 76
	image 12 of 76
	image 13 of 76
	image 14 of 76
	image 15 of 76
	image 16 of 76
	image 17 of 76
	image 18 of 76
	image 19 of 76
	image 20 of 76
	image 21 of 76
	image 22 of 76
	image 23 of 76
	image 24 of 76
	image 25 of 76
	image 26 of 76
	image 27 of 76
	image 28 of 76
	image 29 of 76
	image 30 of 76
	image 31 of 76
	image 32 of 76
	image 33 of 76
	image 34 of 76
	image 35 of 76
	image 36 of 76
	image 37 of 76
	image 38 of 76
	image 39 of 76
	image 40 of 76
	image 41 of 76
	image 42 of 76
	image 43 of 76
	image 44 of 76
	image 45 of 76
	image 46 of 76
	image 47 of 76
	image 48 of 76
	image 49 of 76
	image 50 of 76
	image 51 of 76
	image 52 of 76
	image 53 of 76
	image 54 of 76
	image 55 of 76
	image 56 of 76
	image 57 of 76
	image 58 of 76
	image 59 of 76
	image 60 of 76
	image 61 of 76
	image 62 of 76
	image 63 of 76
	image 64 of 76
	image 65 of 76
	image 66 of 76
	image 67 of 76
	image 68 of 76
	image 69 of 76
	image 70 of 76
	image 71 of 76
	image 72 of 76
	image 73 of 76
	image 74 of 76
	image 75 of 76
	image 76 of 76


